We selected blue horizontal branch (BHB) stars within the expected distance range and sky position of the Hermus Stream from Data Release 10 of the Sloan Digital Sky Survey. We identify a moving group of 19 BHB stars that are concentrated within two degrees of the Hermus Stream, between 10 and 14 kpc from the Sun. The concentration in velocity is inconsistent with a Gaussian distribution with 98% confidence (2.33 sigma). The stars in the moving group have line-of-sight velocities of v gsr ∼ 50 km s −1 , a velocity dispersion of σ v 11 km s −1 , a line-of-sight depth of ∼ 1 kpc, and a metallicity of [Fe/H] = −2.1 ± 0.4. The best-fit orbit has a perigalacticon of ∼ 4 kpc, apogalacticon of ∼ 17 kpc, orbital period of ∼ 247 Myr, eccentricity e = 0.62, and inclination i ∼ 75
INTRODUCTION
The halo of the Milky Way (MW) is full of tidal debris streams and clouds left from smaller galaxies that have been accreted over its lifetime (Belokurov 2013; Grillmair & Carlin 2016) . These streams and clouds can be used as constraints for N -body simulations when calculating the mass or potential of the MW Newberg et al. 2010; Koposov et al. 2010; Gibbons et al. 2014) . They can also be used to explore the accretion history of the stellar spheroid in the MW (Helmi & White 1999) or galaxies in general (Crnojević 2016) .
Although tidal streams that could be identified by density contrast were once thought to be non-existent or rare, a large number of streams have now been identified. Known tidal streams include the Sagittarius stream (Ibata et al. 2001a; Majewski et al. 2003; Belokurov et al. 2006) , GD-1 Stream (Grillmair & Dionatos 2006) , Orphan Stream (Be-E-mail: martic13@rpi.edu lokurov et al. 2007b; Newberg et al. 2010; Sesar et al. 2013) , Virgo Stellar Stream (Vivas et al. 2001; Newberg et al. 2007; Duffau et al. 2006 Duffau et al. , 2014 , Cetus Polar Stream Yam et al. 2013) , Pisces Stellar Stream (Bonaca et al. 2012; Martin et al. 2013) , Alpheus , PAndAS MW stream (Martin et al. 2014) , AT-LAS stream , Ophiuchus stellar stream (Bernard et al. 2014) , and Phoenix Stream . These streams are coherent spatial structures that are formed from dwarf galaxies or globular clusters that were stripped apart by tidal forces in the MW. Stellar clouds, like the Virgo Overdensity (Vivas et al. 2001; Newberg et al. 2002; Carlin et al. 2012b ), Pisces Overdensity (Sesar et al. 2007; Kollmeier et al. 2009; Sesar et al. 2010; Vivas et al. 2011) , Hercules-Aquila Cloud (Belokurov et al. 2007a; Simion et al. 2014) , and Eridanus-Phoenix Cloud , are stellar overdensities spread over a large spatial area. See Newberg & Carlin (2016) for a review of tidal streams and substructures. Unfortunately, no review is upto-date, since new stellar streams in the halo continue to be discovered (Bernard et al. 2016; Grillmair 2017; Shipp et al. 2018) .
Many studies of the shape of the MW's potential have focused on the Sagittarius dwarf tidal stream (Ibata et al. 2001b; Johnston et al. 2005; Law & Majewski 2010; Carlin et al. 2012a; Vera-Ciro & Helmi 2013; Gibbons et al. 2016; Dierickx & Loeb 2017) , because it is the largest stream with the most information. Others have concentrated on narrow globular cluster streams like Pal 5 and GD-1 Koposov et al. 2010; Bovy et al. 2016) , which are simpler because these systems have less dependence on the progenitor properties. The narrower globular cluster streams are also used to study the gaps expected to form in tidal streams when subhalos pass through them (Carlberg 2009; Carlberg & Grillmair 2013; Bovy 2016; Erkal et al. 2016 ). The results of these studies have been interesting, but unfortunately they do not yet yield a consistent picture of the MW halo.
There has been considerable recent interest in methods for constraining the Galactic potential using tidal streams, particularly since the Gaia satellite is expected to deliver spatial and kinematic information for many tidal streams (Price-Whelan & Johnston 2013; Bonaca et al. 2014; Sanderson et al. 2015 Sanderson et al. , 2017 . The first data release has already been used to explore the substructure of the stellar halo close to the Sun .
The problem of using tidal streams to determine the distribution of dark matter in the MW is complex. The spatial density distribution in the MW could be arbitrarily complex and time-dependent. In addition, the tidal streams we use as tracers may have their own complex structures and merger histories, or fall into the MW potential as groups. However, by using many well-studied streams with documented orbital parameters, it might be possible to disentangle all of the unknowns due to the tremendous amount of data provided by the tidal disruption of satellites. Early attempts relied on orbit-fitting, and were subsequently called into question because tidal streams only approximately follow the orbital path of the progenitor satellite (Sanders & Binney 2013) . New methods are being developed that address these issues.
To ascertain the MW potential, it is not only important to discover new tidal debris streams, it is also important to refine our understanding of existing streams as newer data becomes available. In particular, it is vitally important to know that the data for each tidal stream is accurate and not a product of multiple tidal streams. The misidentification of tidal streams has been surprisingly common. For example, the BHBs that were associated with the original detection of the Sgr stream in the south Galactic cap (Newberg et al. 2002 ) turned out to be primarily members of the Cetus Polar Stream ). It has even been suggested that the Cetus Polar Stream might itself be composed of two or more streams (Grillmair 2012) .
In this paper, we will examine the Hermus stream, which along with the Hyllus stream was discovered by Grillmair (2014) (hereafter G14) . This stream was discovered using the Sloan Digital Sky Survey (SDSS; York et al. 2000) photometry using a matched-filter technique that was pioneered with the discovery of the Pal 5 tidal stream (Odenkirchen et al. 2001; Rockosi et al. 2002) , but was extended by Carl Grillmair to find many low surface brightness halo substructures: the NGC 5466 tidal tail (Grillmair & Johnson 2006); GD-1 (Grillmair & Dionatos 2006) ; an independent detection of the Orphan stream (Grillmair 2006a) ; the anti-center stream and EBS (Grillmair 2006b ); and Acheron, Cocytos, Lethe and Styx (Grillmair 2009 ).
Although the matched-filter technique has been productive in identifying faint tidal streams in the Milky Way halo, the distances estimated in the discovery papers are fairly approximate. For example, Grillmair (2006a) estimated a distance to the Orphan Stream of 21 kpc, with an orientation perpendicular to our line of sight. The orbit actually ranges from 19 to 47 kpc from the Sun over the detected extent of the stream. Similarly, Bonaca et al. (2012) estimated the distance to the Pisces Stellar Stream to be 26 ± 4 kpc using isochrones with a metallicity of [Fe/H]= −1.0. In Martin et al. (2013) , using the SDSS spectroscopic metallicity of [Fe/H]= −2.2 for giant branch members, the actual distance to the stream is closer to 35 kpc.
In this paper, we identify a moving group of blue horizontal branch (BHB) stars that are spatially associated with the Hermus Stream, and fit an orbit to them. Likely BHB stars selected from the SDSS and SEGUE survey ), within ±2
• of the Hermus Stream orbit, show an overdensity at 12 kpc and vgsr ∼ 50 km s −1 . The statistical significance of this moving group is explored with several tests, and we conclude that it is a coherent velocity substructure with 98% confidence.
Eleven of these stars trace a narrow orbit with a FWHM of 1.
• 6, metallicity of [Fe/H] = −2.1, and a distance of 12 kpc from the Sun. Our orbit fit is defined by (X, Y, Z) = (−2.3, 5.7, 8.7) kpc and velocity of v0 = (−123, 155, 59) km s −1 . G14 found the Hermus Stream to extend from a heliocentric distance of 15 ± 3 kpc at l ∼ 70
• to a distance of 20 ± 3 kpc at l ∼ 15
• , with a full width of 0.
• 7, and a metallicity of [Fe/H]∼ −2.3. The low metallicity is consistent with our identification of a tidal stream that is rich in BHB stars with metallicity of [Fe/H] = −2.0 ± 0.4. However, our distance is closer than that measured in G14, and apparently outside of the error bars at low Galactic longitudes. Despite this, we argue that the properties of the moving group are close enough to those of the Hermus Stream that they are likely associated. If so, it appears that the sky position of the southern portion of the Hermus Stream (near l ∼ 15
• ) was simply misidentified, as was previously suggested in Grillmair & Carlberg (2016, hereafter G16) .
G16 suggested that the Hermus Stream was significantly farther away (20 kpc over the observed portion) than the original estimate for G14, and therefore an orbit could be constructed that associated it with the Phoenix Stream. This was attractive because both streams are cold and oriented in a similar plane; there was no other reason given for the more distant estimate for the Hermus Stream. Because the stars we identify in this stream are considerably closer than assumed by G16, our moving group is not consistent with a link between the Hermus Stream and the Phoenix Stream. This result underscores the need to verify which stars are associated with which streams before using them to draw conclusions about the accretion of the stellar halo and the distribution of dark matter in the MW. This paper is structured as follows. Section 2 describes the selection of BHB stars in an On and Off field along the Hermus Stream. Section 3 addresses the distribution of these BHB stars and selection of Hermus Stream candidates. Section 4 proposes a new orbit for the Hermus Stream based on these BHBs. Section 5 shows that candidate Hermus Stream BHBs have a narrow age distribution. Section 6 demonstrates that an N -body simulation of a ultra faint dwarf galaxy matches the spatial distribution of Hermus Stream BHBs. Section 7 rules out any association with our Hermus Stream orbit with other known MW substructure. Our conclusions are presented in Section 8. Figure 1 shows the distribution of likely BHBs with available medium-resolution (R ∼ 1800) spectra from SDSS Data Release 10 (DR10; Ahn et al. 2014) in the region of the Hermus Stream, selected using −0.25 < (g−r)0 < 0, 0.8 < (u−g)0 < 1.5 (Yanny et al. 2000) , and 0.0 < log gW BG < 3.5. The WBG (Wilhelm et al. 1999 ) surface gravities were used because they are a better measure for stars with (g−r)0 < 0.25 ).
DATA SELECTION
To explore the velocity, distance, and metallicity of the Hermus Stream, we select BHBs within 2
• Galactic latitude (hereafter the On field) of the third-order polynomial fit to the Hermus Stream as calculated by G14 (solid blue line in Figure 1 ). The width of the On field was chosen to be significantly wider than the published stream width, since the exact path of the stream is not well established; the discovery paper established that the stellar density was higher on the polynomial than it was adjacent to the polynomial, but did not establish that the density was higher along the entire length of the polynomial. The fifth-order polynomial fit to the Hermus Stream described in G14 was not used because it did not result in the additional detection of likely Hermus Stream stars, and because it was rejected by G16.
For comparison, we select BHBs in an off-stream part of the sky, between 3
• and 6
• from the third-order polynomial fit to the Hermus Stream (hereafter the Off field). Because the G14 estimate of the width of the Hermus Stream was ∼ 0.
• 7 wide, we expect that the Off regions should represent a background devoid of Hermus Stream candidates. However, there is no expectation that the Off regions should be devoid of other tidal debris. In fact, they should at least contain stars in the Hyllus Stream, which was identified in the same G14 data.
DISTANCE AND VELOCITY OF BHB CANDIDATES NEAR THE HERMUS STREAM
In this section we study distance and velocity distributions of stars in the On and Off fields, within a distance range of 10 to 25 kpc. This is the distance range for Hermus Stream stars given in G14. We find one significant group of stars with similar distances and velocities in the On field, and not much of interest in the Off field. The top and bottom rows of Figure 2 show the Galactic standard-of-rest, line-of-sight velocities, vgsr, for the On and Off fields, respectively. The line-of-sight velocity was calculated using the Sun's motion from Yanny et al. (2009) :
(1)
The distance to the BHB stars was calculated using the absolute magnitude from Equation 7 of Deason et al. (2011) :
which is valid for stars with −0.25 < (g − r)0 < 0.
In Figure 2 we identify an excess of positive velocity stars concentrated at distances between 10 and 14 kpc in the On field.
Before measuring the significance of this moving group, it is important to review the context. There is little room to adjust the parameters by which the BHB stars were selected. The colors could be extended slightly to the blue and the red, but if we did that then our method for determining their distances would be invalid. The locations of the On and Off fields could be adjusted slightly, but not very much. The center of the On field is set by the published position of the Hermus Stream, and the Off field is selected to be as near to the On field as possible so that it probes similar parts of the Milky Way. The only freedom we have is the width of the sky that we select in the On field; the distance from the stream center could only sensibly be varied between about half a degree and a few degrees (six different possible values).
Our expectation is that if one selects a large portion of the stellar halo that the velocity distribution will be Gaussian with a sigma somewhere near 120 km s −1 (Brown et al. 2005) . We also know that this stellar component is likely to be built up from individual streams, and that if one chooses a small volume one is likely to find a moving group. For example, Helmi & White (1999) explored stars within 1 kpc of the Sun, which was not known to be in the neighborhood of a tidal stream, and found that 10% of the halo stars had coherent motions. This fraction decreased when a larger volume was surveyed (Kepley et al. 2007) . Between 20% and 100% of the stellar halo is thought to be built up from individual stellar streams (Starkenburg et al. 2009 ).
The On and Off fields were then separated into samples with distances of 10 < d < 14 kpc, 14 < d < 20 kpc, and 20 < d < 25 kpc (see velocity histograms in Figure 2 ). These distance ranges were chosen to separate distance regions that appeared to have different character in the On field, but to not be so tightly constrained as to make a calculation of the internal statistics of the stars in each distance range meaningless. We will later show that a rigorous selection of all possible distance ranges gives similar probability results.
A K-S test was performed to determine whether the velocity distribution in each distance sample (in both the On and Off fields) was consistent with a normal halo distribution with a mean line-of-sight velocity of zero and a standard deviation of 120 km s −1 . The null hypothesis of these tests is that the population is drawn from a Gaussian distribution with a sigma of 120 km s −1 ; if the p-value is less than 0.05, the dataset is inconsistent with the null hypothesis at the 95% confidence level. We find that the closest stars in the On field are not consistent with being drawn from a Gaussian distribution (p = 0.0055), while the more distant stars are (p = 0.66 and p = 0.11 for panels "c" and "d," respectively). Each Off field panel is consistent with a Gaussian distribution (p = 0.85, p = 0.24, and p = 0.61 for panels "b ," "c ," and "d " respectively). These results suggest that we might have found stars associated with the Hermus stream, at 10-14 kpc from the Sun. We find no significant excess in the On field centered at 20 kpc, the distance claimed for Hermus Stream by G16, within any velocity range.
Because we have separated the data into distance ranges by eye, we worried that the statistical validity of our results could be compromised by look-elsewhere effects (Gross & Vitells 2010) . This arises when one inspects a large number of parameters or data subsets, but only the unusual statistical cases are reported; with a large number of tests one would expect to find a few statistical flukes, and they would therefore not be significant. In our case, we had the freedom to cut the data at any distance, and could have mentally tested many distance ranges before selecting distance ranges that would give the highest significance.
To test the effect of having the freedom to select an arbitrary distance interval, we ran a simulation in which we chose all possible distance subsets and then compared the p-value for each subset with the distribution of p-values in thousands of random samples of the same data. We performed K-S tests on all possible distance ranges of 2 kpc and larger, starting and ending on integer distances in kpc. The green dashed lines in the left panels of Figure 2 represent the regions that are least like a Gaussian for both the On and Off fields. The stars within these regions are shown as green hatched histograms in the histogram panel that contains that distance range.
The regions least consistent with Gaussians in the On and Off fields have p-values of p = 0.0013 and p = 0.064, respectively. From running thousands of simulations of stars at the On field distances, but with velocities randomly sampled from a Gaussian distribution, we find that only 2% of the time will the results yield a best p-value equal to or less than the p = 0.0013 that was found for 11 < d < 13 kpc. From this we conclude that the moving group is statistically significant at the 98% confidence level.
In the previous statistical calculation, we used velocities sampled from a Gaussian because the spheroid population is well approximated by this distribution. Figure 3 shows the velocities of all of the BHB stars with SDSS spectra in the On and Off fields between 10 and 25 kpc from the Sun. The distribution is reasonably Gaussian, with a significant deviation at vgsr ∼ 50 km s −1 due to the identified moving group.
In an abundance of caution, we also tested the probability of obtaining the observed moving group if the lineof-sight velocities were randomly assigned from the population (a permutation test) rather than from a Gaussian distribution. We randomly sampled velocities from the velocity histogram in Figure 3 corresponding to each of the 105 distances of stars in the top left panel of Figure 2 , without replacement. This random sampling was repeated 15,000 times, and in each permutation we selected all distance ranges of 2 kpc or larger and performed a K-S test. In 15,000 random samples, we find that only 5% of the time the best p-value is equal to or less than p = 0.0013. We find a velocity substructure of p-value 0.0013 or less twice as often using permutation as using a smooth Gaussian approximation to the distribution of halo star velocities, even though we did not remove the substructure itself from the random sample. If only the Off field is used for the background distribution, then we find a structure as significant as our identified moving group only 1% of the time. Using the On field dilutes the significance because the stream is included in the velocity distribution, and using the Off field enhances the moving group because it likely contains other moving groups in other velocity ranges that are below our detection threshold. We stand by the 98% confidence level for detection of the moving group, which was obtained using a Gaussian prior for the distribution of line-of-sight halo velocities.
We select the 19 stars from the positive velocity structure, 10 <vgsr < 110 km s −1 and 10 < d < 14 kpc as Hermus Stream BHB candidates. These stars are tabulated in Table  1 .
ORBIT FIT

Fitting Procedure
We used the NEMO stellar dynamics toolbox (Teuben 1995) to fit an orbit to the Hermus Stream BHB candidates. The best-fit was found by minimizing the Euclidean Mahalanobis distance (Mahalanobis 1936) , as developed by Benjamin Willett in Section 2.1.5 of his thesis , and described in Willett et al. (2009) . This method optimizes the orbital parameters so as to minimize the χ 2 deviation between the observations and the orbit fit, considering the line-of-sight velocity, position on the sky, and distance. We used SciPy's nonlinear conjugate gradient descent method to optimize the goodness-of-fit of NEMO-generated orbits to the observed BHB stars.
The goodness-of-fit function generates an orbit (80 Myr backward and forward from l = 45
• with a step size of 16, 000 years) and compares it with measured positions and velocities for the BHB stars. Each orbit is specified by values for l, b, d, vx, vy, and vz , in combination with a static gravitational potential composed of a Miyamoto-Nagai disk, a Hernquist bulge, and an NFW halo, with parameters described in Tables 1 and 2 of Dumas et al. (2015) .
The first step is to search the orbit for the two l values closest to that of each BHB star, one on each side. We then use a linear interpolation to obtain values for b, vgsr, and d:
Once these values are calculated for each data point, we calculate χ 2 values for b, vgsr, and d:
then combine into a single fitness value:
where η = N − n − 1. Here N is the number of inputs from the data points, and n is the number of parameters to be fit. The χ 2 value is the value to be optimized by the gradient descent, and the parameters to be fit are b, d, vx, vy, and vz. The parameter l is fixed at l = 45
• . The optimizer repeats the process of creating orbits; finding points; interpolating b, vgsr, and d; and calculating χ 2 ; until it reaches a minimum value.
We initially used values of σ b = 1 • , σv = 15 km s −1 , and σr = 1 kpc for the uncertainties in the Galactic latitude, velocity, and distance, respectively. The Galactic latitude and velocity errors are the estimated width of the stream, while the distance error is the estimated measurement error in individual measurements. After an orbit was fit to the BHBs, new standard deviations were calculated for latitude, velocity, and distance using the deviations from the orbit.
Measurement Errors in SDSS
To estimate the effect of measurement errors on our data, we searched through SDSS DR10 to find any duplicates of either stars in our dataset or duplicates of BHBs in the region of the Hermus Stream. We first made the same cuts in color index and surface gravity to remove non-BHBs, and then made cuts in position. In the first quadrant of the North Galactic Cap, at the distance and longitude of the Hermus Stream (10 kpc ≤ d ≤ 14 kpc; 17
• ≤ l ≤ 72 • ), we found a total of nineteen stars with multiple measurements of radial velocity, eighteen of which were double measurements and one of which was a triple measurement. The average difference between measurements was ∆vr = 10.37 km s −1 and the standard devation was 12.92 km s −1 . Five of these multiply-measured stars were also in our data set, and for those particular stars, the average difference between radial velocity measurements is 9.64 km s −1 and the standard deviation is 6.87 km s −1 . This implies an inherent uncertainty of ∼ 10 km s −1 in velocity measurements. Therefore, in order to account for uncertainties in the data, we randomized the distance d and velocity vgsr within likely experimental error. For each data point, distance was allowed to randomly vary within 1 kpc of the calculated value and vgsr was allowed to vary within 10 km s −1 . We then performed 100 optimizations, each time with new randomized values. The best-fit orbit was then constructed by taking the average of the five optimized parameters, so that the orbit was described by (l, b, d, vx, vy, vz) . This method also allowed us to estimate the uncertainty in each fit parameter by calculating the dispersion of each.
Effect of Interlopers
In addition to the measurement errors, we can estimate how many of the nineteen stars in our dataset we expect to be interlopers from a background population. The Off field selection of panel a' of Figure 2 has a total of 11 stars within the velocity and distance selection used to select the candidate stream stars. This number is reduced to 8 stars when accounting for the area being 33% larger than the On field. Examination of the negative velocity stars spanning the same range of distances yields a total of 3 stars in the On field and 9 stars in the Off field (which would be 6 stars when accounting for the difference in area). The presence of substructure in the On field region would mean that the background population of BHB stars would be undersampled in that particular magnitude range; the presence of only one star in the negative velocity portion of the On field is explained by this effect. Using the numbers from the Off field, we can expect that we should see ∼ 7 interloper stars in our selection of 19 stars, but the actual number might be lower due to background reduction in the region around halo substructures.
The interlopers also affect the velocity dispersion of the dataset. To estimate the effect of interlopers on the observed dispersion of the data, we generated 1000 artificial stars. The line-of-sight velocities of the created dataset were generated from a halo-like distribution: a Gaussian distribution with a mean of zero and a standard deviation of 120 km s −1 . The created stars were then cut using the Hermus selection criterion for velocity (10 km s −1 ≤ vvgsr ≤ 115 km s −1 ). This left us with roughly 300 stars, of which we randomly selected eight. The eight stars were then given Galactic longitude values consistent with that of the Hermus Stream (17
• ). We then combine these eight stars with eleven stars randomly selected from the actual data set (Table 1) and calculate dispersions for both the eight generated stars and the eleven actual stars. We then combine these to see the effect of interlopers on the velocity dispersion:
After ten thousand iterations, we find that the average variance of eleven randomly selected stars from the orbit is σ 2 star = 779.95, while the average variance of the eight randomly generated points is σ 2 gen = 1404.26. Combining these two using the above equation gives us σ 2 = 1100.75, which gives us an expected velocity dispersion of ∼ 33 km s −1 . This implies that the presence of interlopers in the original data set artificially inflates the velocity dispersion of the stars actually in the stream.
To account for the effects of interlopers in the data on our orbit fits, we refitted the orbit from the initial point and with the initial dispersions, this time rejecting any 2σ outliers from the orbit. The orbit was then refitted with the reduced data set, and this process was repeated until no 2σ outliers remained. As a result, eight stars were rejected as outliers: three in latitude and five in velocity. This is consistent with the number of expected interlopers. We will return to the question of interlopers and their effects when we attempt to determine a possible progenitor in section 7. Table 2 gives the averaged best-fit parameters for a point on the orbit, using both the original nineteen stars and the eleven stars that remained after the outlier rejection process. Table 3 characterizes the orbits created from these initial points and evolved through the previously-stated potential. The two orbits along with the 19 stars are plotted in Figure  4 in Galactic XYZ coordinates. The eight red squares represent the stars that were rejected using the outlier rejection process. These stars are also marked with an asterisk in the last column of Table 1 , which shows the deviation in vgsr from the best-fit orbit. The left panels of Figure 5 show the stream parameters as a function of galactic longitude for the ten Hermus BHB candidates in comparison to the ten star best-fit orbit.
Orbit Fitting Results
The metallicity of these 11 remaining stars is [Fe/H] = −2.1 ± 0.4, including one star outside of the 2σ range. The metallicity becomes [Fe/H] = −2.0 ± 0.2 if this outlier is removed. This metallicity is consistent with, but slightly higher than the measurement of [Fe/H]∼ −2.3 from G14.
Stream Width
To confirm that the detected moving group is narrow, like the Hermus Stream, and our selection of ±2
• was reasonable, we made a histogram of the deviations from the best-fit orbit in RA. The top panels of Figure 6 show histograms of SDSS BHB spectra with declinations 5
• < δ < 50
• . The distance ranges were chosen to be consistent with the distances found in Figure 2 , as well as the results of the best-fit orbit. There is a statistically significant (3.0σ) narrow peak that is centered at zero in both panels . Each bin is 2
• wide, which means that the initial selection of ±2
• selected the full extent of the BHB structure. The bottom panels of Figure 6 are the same as the top panels, but show the difference between the SDSS BHB spectra from the G14 third-order polynomial fit to Hermus. The excess around 0
• is more spread out. G14 created much narrower histograms of the deviations of photometrically selected stars from his fit to the Hermus Stream. However, he created these after removing a smooth background and after a median filter of five different regions along the stream. These operations could have introduced significant error into the width calculation, which might explain why his stream width of 0.
• 7 is narrower than our measurement of = 1.
• 6 (calculated from the uncertainty of Galactic latitude of σ b = 0.68).
Is this the Hermus Stream?
The spatial coincidence of the Hermus Stream and our identified moving group suggests that they are the same structure. The alternative is that we detected a previously unidentified tidal stream that closely follows the path of the Hermus Stream across 50
• of the sky, and is within the distance range originally estimated in the G14 discovery paper on one end of the stream, but not the other. Since we searched the entire distance range in the discovery paper, the Hermus Stream, which has an estimated metallicity of [Fe/H]= −2.3, would have to be virtually devoid of BHB stars. Furthermore, G14 would have had to have missed this much closer stream in his search, in favor of the more distant stream. We have chosen to identify our stream with Hermus in part because distances derived from kernel-fitting have historically proven to be incorrect (see introduction).
AGE ESTIMATES FOR STREAM STARS
We estimate ages for these stars following the procedure outlined in Santucci et al. (2015) and Carollo et al. (2016) . This method uses the colors and metallicities of BHB stars to determine their ages. Lower metallicity stars are bluer at a given age. The inclusion of metallicity in the age estimate improves the accuracy over previous methods. By selecting all spectra in the On and Off fields, and applying the same selection criteria outlined in the literature, ages for 369 stars were calculated. Figure 7 shows the On (30 stars) and Off (50 stars) field stars between 10 and 14 kpc from the Sun; the Off field has been normalized to the number of On field stars. Of the 11 stars previously selected to belong to the Hermus Stream, eight of them had calculated ages, and are shown as the solid black histogram in Figure 7 . Seven of these eight stars are found in the narrow age range of 11.3 to 12.8 Gyrs; the one outlier was the star previously identified as being an outlier in metallicity.
We tested whether the stream star ages were different from other BHBs in that region of the sky. Performing a two sample KS test of the seven stream stars with calculated ages and the 22 On stream (non-member) stars returns a p-value of p = 0.27. If instead the entire 72 star sample is compared to the seven stream stars; a two sample KS test returns a p-value of p = 0.28.
The distribution of stream star ages seems consistent with being drawn from the same distribution as the rest of the BHB stars. The fact that seven of the eight stream stars occupy a narrow age range suggests that they could belong to a single structure. However, we have just confirmed that all of the BHB stars in the region seem to have a similar expected age and cannot be used to solely identify substructure in this region. Note that neither the ages nor the metallicities of the BHB stars were used to determine which stars were stream members.
N -BODY SIMULATION
We simulated a possible progenitor of the Hermus Stream using the gyrfalcON N -body integrator (Dehnen 2000 (Dehnen , 2002 . In order to constrain the progenitor mass, we performed N -body simulations for average globular clusters (10 5 M , 10 pc), large globular clusters (5 × 10 5 M , 15 pc; van den Bergh 2008), and dwarf spheroidal (dSph) galaxies with [mass , scale radius] = (10 6 M , 175 pc), (5 × 10 6 M , 250 pc), (10 7 M , 500 pc), (5 × 10 7 M , 700 pc), and (10 8 M , 800 pc). The dSph galaxy masses and corresponding radii were selected from the mass-luminosity relation described in Walker et al. (2009) . We also tried ultrafaint dwarf models with 10 5 M < M < 5 × 10 6 M and scale radii of 20 ≤ r ≤ 50 pc (Hernandez 2016) .
The progenitor for each simulation was modeled with a single Plummer sphere profile, represented by 20, 000 particles. This is a valid representation for globular clusters, which are not expected to contain dark matter, so that mass follows light, and comparing the distribution of stream stars in the sky with the bodies in the simulation is justified. For dwarf galaxies, and especially for ultrafaint dwarfs that are believed to be heavily dominated by dark matter (Laevens et al. 2015; Martin et al. 2016; Kirby et al. 2015; Calabrese & Spergel 2016) , the representation is less realistic. However, the simulations give some indication of the mass within the half-light radius. The simulated bodies are compared with the observed stars, but the width of the stream is influenced by the central concentration of dark matter in the dwarf galaxy progenitor.
As stated previously, the effects of interloper contamination, combined with the ∼ 10 km s −1 dispersion in duplicate measurements lead us to conclude that velocity dispersion is not a useful measure with which to characterize the progenitor. We instead focus on distance and angular dispersions to guide our choices for the progenitor's mass and scale radius.
We began by integrating each simulated dwarf galaxy radius/mass pair for 2 Gyr along the orbit. The angular, velocity, and distance dispersions for each simulation result were then calculated for stars within 2
• of the orbit for 17
• and 10 <vgsr < 110 km s −1 , matching the criteria used to select the candidate BHBs A comparison of the observed stream depth with the simulated stream depth allows us to rule out high-mass progenitors. The 11 BHB stars have a distance dispersion of σr ∼ 0.80 kpc from the orbit and an error in the distance calculation of ∼ 1 kpc. Since the dispersion in distance is similar to the measurement errors, the line-of-sight depth of the stream is consistent with zero, but could be as large as 1 kpc if the calculated absolute magnitudes of the BHBs from Deason et al. (2011) have the same systematic offsets. The narrow distance dispersion rules out dSph progenitors of mass 10 7 , 5×10 7 , or 10 8 M , which have simulated dispersions of σr ∼ 1.24, σr ∼ 2.74, and σr ∼ 4.17, respectively. The progenitors of mass 10 5 , 5 × 10 5 , 10 6 and 5 × 10 6 M are consistent with the data, with distance dispersions of σr ∼ 0.06, σr ∼ 0.05, σr ∼ 0.42 and σr ∼ 0.87, respectively. The distance dispersions favor a progenitor with a mass < 10 7 M . We then investigated the dispersion in galactic latitude, σ b . For our 11 BHBs, the angular dispersion is σ b = 0.68
• , giving us a full-width half max of 1.63
• . We could reject the (10 6 M , 175 pc), (5 × 10 6 M , 250 pc) as too wide, as their angular dispersions were σ b = 1.09
• and 1.14 • respectively. To investigate further, we ran a new set of N-body simulations exploring various scale radii at masses of 5×10 5 M and 10 6 M . We found that one model, an ultrafaint dwarf with a mass of 10 6 M and scale radius of 40 pc, produced a dispersion (σ b = 0.59
• ) possibly consistent with our observed angular dispersion. However, this model had a coherent core that does not appear in the data.
In order to further explore the parameter space of these ultrafaint progenitors, we then repeated runs of each scale radius/mass pair for 3 Gyr and 4 Gyr. We first evolved the orbit backwards for the appropriate amount of time to obtain a starting point, and then a Plummer sphere was evolved forward from that point for the corresponding time. For the progenitors of mass M = 10 5 M or M = 5×10 5 M , we find that, despite the longer evolution times, they retain a coherent core along the stream which we do not see on the sky. To account for the coherent cores, we varied the forward evolution time of the Plummer sphere ±50 Myr for each backwards orbit evolution time (2, 3, and 4 Gyr). This moved the core off the sky location of our stream detection and allowed us to analyze how the leading and trailing tails would appear. For each model that had a core appear, we find that if the core is moved off the stream, the latitude dispersions of both the leading and trailing tails are too wide to fit our data.
For the M = 10 6 M progenitors, we find that nearly all of them disrupt too much for our dispersion constraints. The one model that disrupts just enough to lack a core while remaining somewhat consistent with our dispersion results is the 10 6 M and scale radius of 40 pc evolved for 4 Gyr. The dispersions of this simulation are σ b = 0.86
• , σv = 2.78
• , and σr = 0.26
• . The right panels of Figure 5 show N -body results for the ultrafaint dwarf galaxy progenitor compared to the best-fit orbit. We evolved the progenitor for 4 Gyr starting from (X, Y, Z) = (−2.1, 4.9, 2.8) kpc with an initial velocity of (vx, vy, vz) = (−89, 37, 294) km s −1 in Galactocentric coordinates with the Sun at (−8, 0, 0) kpc.
While we find that a dwarf of (M, rs) = (10 6 M , 40 pc) best fits our observations, we do not insist that it is the only possible progenitor. The parameter space is very large, and a comprehensive search of mass/scale radius combinations, including the case where mass does not follow light, is beyond the scope of this paper.
NO ASSOCIATION OF HERMUS WITH OTHER KNOWN SUBSTRUCTURE
Our orbit does not pass near the observed position of the Phoenix Stream in the sky, as shown in Figure 5 . The Phoenix Stream orbit was calculated by Balbinot et al. (2016) to be 18 to 20 kpc from the Galactic Center with a roughly circular orbit. This is in conflict with our finding that Hermus BHBs have a Galactocentric distance between 8 and 12 kpc along the entire orbit. Figure 5 shows that Galactocentric distances of 18 to 20 kpc are outside of the error box for the apogalacticon of our orbit fit. It is also inconsistent with the southern end of the Hermus Stream as identified by G14. Additionally, our orbit was compared to the positions of the newly discovered streams by the DES (Shipp et al. 2018 ), and we find no match. Our proposed orbit appears to travel perpendicular to several of the observed streams, or be at drastically different distances. While the orbit we propose for the Hermus Stream does not link it with the Phoenix Stream, it does pass close (∼ 4 kpc) to the Galactic Center. This makes the Hermus Stream a potential candidate to probe the poorly known potential near the Galactic Center.
In an attempt to identify possible satellite associations for the stream, we searched for globular clusters near (within 2
• ) the orbit using the Harris Catalog of globular clusters (Harris 1996 (Harris , 2010 . We identified eight potential associated clusters based solely on their proximity to the path of the Hermus Stream's orbit. These eight objects are the globular clusters Palomar 14, 1636-283, NGC 6121, NGC, 6144, NGC 6352, NGC 6397, NGC 6752, and NGC 7099. We can immediately discard Palomar 14, due to its distance being well beyond that of the Hermus Stream. Likewise, the clusters NGC 6121, NGC 6352, NGC 6397, and NGC 6752 are all well within the Hermus Stream orbit by at least 9 kpc.
The cluster 1636-283 is approximately 2 kpc closer than the stream's orbit at its position and there is no published value for its radial velocity. Given the proximity of the globular cluster to the Galactic Center, we cannot rule out the possibility that this cluster could be associated with the stream. The position and distance for the cluster have been included as a red open circle in the left panels of Figure 5 for comparison to the orbit. For the remaining two objects, since they are at somewhat plausible heliocentric distances for association, we calculated a vgsr for each based on their listed radial velocities and positions, using the equation in Section 3. We then compared this radial velocity to the orbital radial velocity on our fitted orbit. We can reject both of these objects (NGC 6144 and NGC 7099), as their vgsr values are very different from the corresponding orbital vgsr values: NGC 6144 has a vgsr of 175 km s −1 compared to an orbital vgsr of −35 km s −1 , and NGC 7099 hs a vgsr of −113 km s −1 compared to an orbital vgsr of 50 km s −1 . We find that there is a single possible globular cluster that could be associated with our stream, 1636-283. Of particular note is that this cluster is classified as a "young halo" object (Mackey & van den Bergh 2005; Mackey & Gilmore 2004) . Young halo objects are said to be consistent with being formed in satellite dwarf galaxy systems (Zinn 1993) that have been accreted by the Milky Way. Given that the stream appears to be consistent with an ultrafaint dwarf galaxy merger event, it is possible that this cluster could have originated in the dwarf galaxy progenitor and have since been stripped from the host. It is important to emphasize that we are only suggesting a possible association and not stating that it must be related. Observations of radial velocities for the cluster would be needed to confirm or rule out a possible association.
CONCLUSION
We find 19 co-moving BHB stars at the sky position and approximate distance of the Hermus Stream. Of these, 11 are stream members with high probability. An orbit fit to these stars can be described by a velocity of v0 = (−123, 155, 59) km s −1 at a position of (X, Y, Z) = (−2.3, 5.7, 8.7) kpc. This orbit has a perigalacticon of 4.0 kpc, apogalacticon of 17.0 kpc, orbital period of 247 Myr, orbital eccentricity e = 0.62, and orbital inclination i = 75.87
• with respect to the positive Z axis.
The spatial coincidence of the Hermus Stream and our identified moving group suggests that they could be the same structure. The alternative is that we detected a previously unidentified tidal stream that closely follows the path of the Hermus Stream across 50
• of the sky, and is within the distance range originally estimated in the G14 discovery paper on one end of the stream, but not the other. Since we searched the entire distance range in the discovery paper, the Hermus Stream, which has an estimated metallicity of [Fe/H]= −2.3, would have to be virtually devoid of BHB stars. Furthermore, G14 would have had to have missed this much closer stream in his search, in favor of the more distant stream.
The standard deviations from the orbit of the associated BHB stars' sky positions, line-of-sight velocities, and distances are σ b = 0.68
• , σv = 10.37 km s −1 , and σr = 0.80 kpc, respectively. Both the line-of-sight stream width and the width of the line-of-sight velocities could be considerably smaller, since the distance errors to the BHB stars are of order 1 kpc (∼ 10%), and the radial velocity errors are likely to be 10 km s −1 or higher. Seven of the eight potential Hermus Stream BHBs have ages withing the range 11.3-12.8 Gyr. The eigth star associated with the Hermus Stream in position and line-of-sight velocity is an outlier in metallicity, which is correlated with the age determination. The metallicity of the 11 BHB stars is [Fe/H] = −2.1 ± 0.4, or −2.0 ± 0.2 if the one outlier is removed.
The spatial distribution of these stars suggests a progenitor with mass 10 7 M . We are able to match the spatial data for the Hermus Stream, and the spatial data for the 11 BHBs, with an ultrafaint dwarf galaxy of mass 10 6 M and scale radius of 40 pc, evolved for 4 Gyr through a MW potential.
The stream is not associated with the Phoenix Stream. However, we identify a possibly associated young halo globular cluster, 1636-283, which may have formed in the ultrafaint dwarf galaxy progenitor before its merger with the Milky Way. The proposed orbit passes within 4 kpc of the Galactic center, making it a candidate to probe the gravitational potential in this central region of the Milky Way. of SDSS BHB spectra from the best-fit orbit (top panels) and the G14 third-order polynomial Hermus fit (bottom panels) in the range 5 • < δ < 50
• . The open histograms represent all spectra within the Hermus velocity selection, while the hatched histograms represent all spectra outside the velocity selection, normalized to the number of Hermus velocity stars. The BHB distance range is given in each panel. Top panels: For both distance ranges there is a narrow (2 • ) peak at 0 • , both with ∼ 3.0σ. Bottom panels: For both distances, the peak around 0 • is still evident but it is wider. This peak could plausibly be consistent with the narrow peak identified in G14. 
